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The aim of the work was to create a protocol for detecting the V617F mutation of the gene jak2 in samples of
patients with chronic myeloproliferative neoplasm which is necessary to unify the procedures  of the 
analysis of blood samples according to WHO criteria for this group of diseases. Methods. Mutation was
revealed   using reverse transcriptase PCR and direct sequencing of PCR products. Results. Six samples of
blood of patients with polycythemia vera were analyzed and the mutation V617F was detected in all six
cases. This mutation was not detected in any of  RNA samples of healthy donors. A case of simultaneous
detection of mutations V617F and fused bcr/abl gene in CML patient was described. Conclusions. The
proposed method for detecting the V617F mutation allows molecular genetic differential diagnosis of
myeloproliferative neoplasm as well.
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Introduction Pursuant to 2008 edition of WHO
classification it was suggested to change the term
“chronic myeloproliferative diseases” for a new one –
“myeloproliferative neoplasms (MNP)”.
Myeloproliferative neoplasms are divided into two
groups – classic ones (chronic myelogenous leukemia
(CML), polycythemia vera (PV), essential
thrombocytosis (ET), idiopathic myelofibrosis (IMF))
and neoclassic ones (atypical CML, chronic
neutrophilic leukemia (CNL), chronic eosinophilic
leukemia / hypereosinophilic syndrome, non-classified 
CML) [1].
Besides   changing   the name of this group of
pathologies, noteworthy is an improvement of
diagnostic criteria, especially a wider application of
molecular and genetic markers.
It is known that among myeloproliferative diseases
only CML has clearly described cytogenetic marker –
Philadelphia chromosome, and gene bcr/abl at the
molecular level. However, in 2005 several groups of
researchers described [2-6] a point mutation G>T in the 
exon 14 of gene jak2, which causes the replacement of
valine by phenylalanine in the position 617 (V617F).
This mutation is revealed in 90–95% of patients with
PV and approximately in 50% of patients with ET and
IMF. It is believed that at the functional level this
replacement causes a loss of regulation and constitutive 
activation of JAK2-tyrosine kinase. Subsequently, it
results in the loss of regulation of the
JAK-STAT-signaling pathway and corresponding
increase in  the cell  transcriptional activity and  in the
number of erythrocytes, thrombocytes and
granulocytes.
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Besides the V617F mutation, a series of changes
were described in the exon 12 of gene jak2 (K539L,
H538QK539L, F537–K539delinsL, etc.) [7] –
predominantly in  the patients with PV (up to 5%). The
structure of protein JAK2 and localization of mutations 
are presented in Fig. 1.
However, the abovementioned   evidences to the
fact that though the V617F mutation is not specific for
one particular disease it can play an important role  in
diagnostics.    For instance, it is  absent at secondary
polycythaemia, reactive thrombocytosis or secondary
bone marrow fibrosis. The absence of this mutation in 
the  patients with polycythaemia requires the search for
some other causes of erythrocytosis.
As it was stated above, this mutation is revealed in
50% of  the  patients with ET and IMF  which is also a
powerful diagnostic criterion. However, it should be
noted that revealing the mutation is an important but
not self-sufficient criterion for diagnostics of
myeloproliferative neoplasms. Therefore, the
diagnostics may be considered reliable  only in the
complex with clinical and laboratory methods,  first of
all, the  analysis of bone marrow cells to exclude
fibroses, dysplasia,  the  presence of blast cells and
additional chromosomal anomalies. The proposals for 
improving the diagnostic criteria for this group of
diseases are  published in [8–10].
Materials and Methods Blood samples of
patients, who were treated in Kiev hematological
clinics (with their informed consent), were used in the
work. RNA was obtained by the method described in
[11]. The reaction mixture for cDNA synthesis
contained 1–3 µg RNA, buffer 1 for reverse
transcriptase, 0.1 µg of primer Random Hexamer
Primer (Fermentas, Lithuania), 300 units of reverse
transcriptase RevertAid™ M-MuLV Reverse
Transcriptase (Fermentas), 20 units of RNasine
(Promega, USA), 1 mM dNTP. The reaction was
performed at 42°C for 1 h and stopped by heating
(70°C, 10 min), 2 µl of reaction mixture were used for
amplification. PCR was performed using specific
primers which were selected by Generun software: 
J1F – 5’-CACCAACATTACAGAGGCCTAC-3’; 
J1R – 5’-GCCAGGATCACTAAGTTTGATG-3’
(the length of amplificate – 536 b. p.);
J2F – 5’-CGGTCAACTGCATGAAACAG-3’, 
J2R – 5’-TTGGCACATACATTCCCATG-3’ (the
length of amplificate – 321 b.p.).
PCR was performed in the volume of 30µl for 30
cycles (94°Ñ – 35 s; 55°Ñ – 35 s; 72°Ñ – 45 s), using 10
picomol of primers J1F and J1R.
The primers to reveal  β-actin (5’-GCTCGTCGTC
GACAACGGCTC-3’ and 5’-CAAACATGATCTGG
GTCATCTTCTC-3’) (Invitrogen, USA) and/or 18S
rRNA (5’-CGGCTACCACATCCA AGGAA-3’ and
5’-GCTGGAATTACCGCGGCT-3’) were used to
control the synthesis of cDNA. [The] Amplification
products were analyzed in 2% agarose gel.
The second stage of PCR was conducted, using 0.5
µl of obtained amplificate and 10 picomol of primers
J2F and J2R, to confirm specificity and in case of
insufficient amount of amplificate for sequencing.
The PCR products obtained were purified using
QIAquick PCR Purification Kit (Qiagen, USA) or
extraction with chloroform and precipitation with
ethanol; then they were sequenced using primers J2F
and J2R. The obtained sequences were analyzed using
BioEdit and BLAST software.
Results and Discussion The V617F mutation in
gene jak2 was revealed using reverse transcriptase
PCR and direct sequencing of PCR products in the
patients with myeloproliferative neoplasms. It is
possible to reveal this mutation without reverse
transcriptase, but according to diagnostic criteria of
WHO, it is necessary to determine the presence of
fused gene bcr/abl in such patients. Due to specificities
of the structure of abovementioned gene, the RT-PCR
is required for this purpose, therefore, we consider it
necessary not to isolate separately RNA and DNA, but
to combine the procedures of RNA and cDNA isolation 
to reveal both themutations in gene jak2 and fused gene 
bcr/abl. Besides, a series of mutations in the positions
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Fig.1. The structure of protein JAK2 and localization of mutations .
Domains: JH6–JH7 – FERM homological (F – with protein 4.1, E –
ezrin, R – radixin, M – moesin); JH3–JH5 – SH2 (SRC2
homological); JH2 – Pseudokinase (pseudokinase); JH1 – Kinase 
(tyrosinekinase). Localization of mutations marked with arrows
(aminoacids position)
607, 611, 616, and 619 of  JAK2 also disturb the
functioning of gene jak2, and sequencing permits to
reveal these variants as well.
  Patient B, born in 1950,  suffered  from
polycythaemia vera since 1998. Fig.2 presents the
electrophoregram and a fragment of the  PCR product,
obtained while examining his blood. As seen, the
search for homology of sequence of the PCR product
with the mRNA jak2 (NM_004972.2 Homo sapiens
Janus kinase 2) using BLAST software revealed  the
replacement C>A in position 2343. At the protein level
it causes replacement of valine by phenylalanine in the
position 617, i.e. V617F mutation.
In total, six blood samples of patients with PV were
analyzed and the V617F mutation was detected in all six
cases (in three of them this mutation was heterozygous).
The abovementioned mutation was not detected in any
of five control samples of healthy donors.
At present, only several cases of the V617F mutation 
are described in patients with CML. However, the
V617F mutation was also detected in the blood sample
of patient G, born in 1938, the presence of Philadelphia
chromosome in which was proven by detection of the
fused gene bcr/abl using RT-PCR in accordance to the
methodological recommendations [12]. 
As it has been stated above, only several cases of
mutation in gene jak2 are known, thus, the nature of this
phenomenon is yet to de defined. Two main
explanations are now under consideration: the mutations 
are simultaneously revealed due to the presence of two
different clones, each of which carries one mutation [13,
14], or both mutations are localized in the same clone,
and the mutation in gene jak2 precedes formation of the
chimeric gene bcr/abl [15, 16]. However, both
assumptions require further research.
The data presented evidence to efficiency of the
suggested protocol for the detection of V617F mutation 
by RT-PCR and direct sequencing, which allows using
it for molecular and genetic differential diagnostics of
myeloproliferative neoplasms.
The work was partially supported by the scientific
project of NAS of Ukraine No. 5/2007  and the
innovative project of NAS of Ukraine No. 15/2008 .
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Âè ÿâ ëåí íÿ ìó òàö³¿ V617F ãåíà jak2 ó õâî ðèõ íà õðîí³÷í³
ì³ºëîï ðîë³ôå ðà òèâí³ íå îïëàç ìè
Ðå çþ ìå
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Fig. 2. The electrophoregram (a)  and a fragment of the  PCR product, obtained while examining  patient B blood (b).(à: 1 –  molecular mass
marker  pUC19/MspI; 2 – PCR product, obtained from  patient B blood; 3, 4 – positive control of  RT-PCR  (β-actin and 18S rRNA,
respectivly); 5 – molecular mass marker pUC19/HinfI; b:replacement corresponding to V617F mutation marked with inversion. (Bases of 
jak2 gene  numbered according to sequence of NM_004972.2 (Homo sapiens Janus kinase 2))
a b
b.p.
PCR
jak2
Ìåòà. Ñòâî ðè òè ïðî òî êîë, ÿêèé äîç âî ëÿº âè ÿâ ëÿ òè ìó òàö³þ
V617F ãåíà jak2 ó çðàç êàõ ÐÍÊ õâî ðèõ íà õðîí³÷í³ ì³ºëîï ðîë³ôå -
ðà òèâí³ íå îïëàç ìè, ùî íåîõ³äíî äëÿ óí³ô³êàö³¿ ïðî öå äóð
àíàë³çó çðàçê³â êðîâ³ çã³äíî ç ÷èí íè ìè êðè òåð³ÿìè ÂÎÇ äëÿ äà -
íî¿ ãðó ïè çà õâî ðþ âàíü. Ìå òî äè. Ìó òàö³þ âèç íà ÷à ëè çà äî ïî -
ìî ãîþ çâî ðîò íî-òðàíñ êðèï òàç íî¿ ïîë³ìå ðàç íî¿ ëàí öþ ãî âî¿
ðå àêö³¿ òà ïðÿ ìî ãî ñåê âå íó âàí íÿ ïðî äóêò³â ïîë³ìå ðàç íî¿ ëàí -
öþ ãî âî¿ ðå àêö³¿. Ðå çóëü òà òè. Ïðî à íàë³çî âà íî ø³ñòü çðàçê³â
êðîâ³ õâî ðèõ íà ñïðàâ æíþ ïîë³öè òåì³þ ³ ó âñ³õ âè ïàä êàõ âè ÿâ ëå -
íî ìó òàö³þ V617F. Äàíó ìó òàö³þ íå çíàé äå íî â æîä íî ìó ç êîí -
òðîëü íèõ çðàçê³â ÐÍÊ çäî ðî âèõ äî íîð³â. Îïè ñà íî âè ïà äîê
îä íî ÷àñ íî ãî âè ÿâ ëåí íÿ ìó òàö³¿ V617F òà çëè òî ãî ãåíà bcr/abl ó 
õâî ðî¿ íà õðîí³÷íó ì³ºëî¿ äíó ëåé êåì³þ. Âèñ íîâ êè. Çàï ðî ïî íî âà -
íèé ìå òîä äîç âî ëÿº âèç íà ÷à òè ìó òàö³þ V617F, ùî äàº çìî ãó
âè êî ðèñ òî âó âà òè éîãî äëÿ ìî- ëå êó ëÿð íî-ãå íå òè÷ íî¿ äè ôå -
ðåíö³éíî¿ ä³àã íîñ òè êè ì³ºëîï ðîë³ôå ðà òèâ íèõ íå îïëàçì. 
Êëþ ÷îâ³ ñëî âà: jak2, V617 F, ì³ºëîï ðîë³ôå ðà òèâí³ íå îïëàç -
ìè.
Ì. Â. Äûá êîâ, È. Ð. Ãàð òîâ ñêàÿ, Ñ. Ñ. Ìà ëþ òà, Ã. Ä. Òå ëå ãå åâ
Âû ÿâ ëå íèå ìó òà öèè V617F ãåíà jak2 ó áîëü íûõ 
ñ õðî íè ÷åñ êè ìè ìèºëîï ðî ëè ôå ðà òèâ íû ìè íå îïëàç ìà ìè
Ðå çþ ìå
Öåëü. Ñîç äà íèå ïðî òî êî ëà äëÿ âè ÿâ ëå íèÿ ìó òà öèè V617F ãåíà
jak2 â îá ðàç öàõ ÐÍÊ áîëü íûõ ñ õðî íè ÷åñ êè ìè ìè å ëîï ðî ëè ôå ðà -
òèâ íû ìè íå îïëàç ìà ìè, ÷òî íå îá õî äè ìî äëÿ óíè ôè êà öèè ïðî öå -
äóð àíà ëè çà îá ðàç öîâ êðî âè ñî ãëàñ íî íà ñòî ÿ ùèì êðè òå ðè ÿì
ÂÎÇ äëÿ äàí íîé ãðóï ïû çà áî ëå âà íèé. Ìå òî äû. Ìó òà öèþ îïðå -
äå ëÿ ëè ñ ïî ìîùüþ îá ðàò íî-òðàíñ êðèï òàç íîé ïî ëè ìå ðàç íîé
öåï íîé ðå àê öèè è ïðÿ ìî ãî ñåê âå íè ðî âà íèÿ ïðî äóê òîâ ÏÖÐ. Ðå -
çóëü òà òû. Ïðî à íà ëè çè ðî âà íû øåñòü îá ðàç öîâ êðî âè áîëü íûõ
èñ òèí íîé ïî ëè öè òå ìè åé è âî âñåõ ñëó ÷à ÿõ îá íà ðó æå íà ìó òà -
öèÿ V617F. Ýòà ìó òà öèÿ íå íà é äå íà íè â îä íîì èç êîí òðîëü íûõ 
îá ðàç öîâ ÐÍÊ çäî ðî âûõ äî íî ðîâ. Îïè ñàí ñëó ÷àé îä íî âðå ìåí íî -
ãî âû ÿâ ëå íèÿ ìó òà öèè V617F è ñëè òî ãî ãåíà bcr/abl ó áîëü íîé ñ
õðî íè ÷åñ êîé ìè å ëî èä íîé ëåé êå ìè åé. Âû âî äû. Ïðåä ëî æåí íûé
ìå òîä ïî çâî ëÿ åò îïðå äå ëÿòü ìó òà öèþ V617F, åãî òàê æå
ìîæ íî èñ ïîëü çî âàòü äëÿ ìî ëå êó ëÿð íî-ãå íå òè ÷åñ êîé äèô ôå -
ðåí öè àëü íîé äè àã íîñ òè êè ìè å ëîï ðî ëè ôå ðà òèâ íûõ íåî- ïëàçì.
Êëþ ÷å âûå ñëî âà: jak2, V617 F, ìè å ëîï ðî ëè ôå ðà òèâ íûå íåî-
ïëàç ìû.
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